This paper tackles the complex issue of how buyers and sellers within a domestic carbon credit system designed to include regenerating indigenous forest would optimally design contracts for trades of the new good, "carbon sink credits". The paper begins by briefly defining the constraints that sink projects must meet. This implicitly shows the freedom we have in designing contracts. In the context of a simple numerical example I discuss the constraints that the market puts on contracts. In particular I consider the interests of the buyers and sellers, and how they can maximise and share gains through contract design. I outline the sources of risk and discuss who has advantages in dealing with these risks. The best contract designs impose the risk on those most able to address or absorb it. I illustrate the potential gains from sink contracts with a range of conditions and contracts.
INTRODUCTION
The Kyoto Protocol creates the potential for rewards for carbon "sinks" in both developed and developing countries. In developed (Annex B) countries that have ratified the Kyoto Protocol, sink projects could be used as part of domestic regulation to encourage carbon sequestration in new forests (Article 3.3) and changed management of existing forests (Article 3.4). International trading (Article 17) could involve removal units created from sink projects. If Annex B countries choose to use Joint Implementation to trade, sink projects are one possibility. Developing countries can develop sink projects and sell the credits through the Clean Development Mechanism. All these regulations are likely to be somewhat different in their details but in every case, there is a seller who produces sink credits by afforesting/reforesting and a buyer who wants to use those credits to comply with domestic or international commitments.
Our interest in this paper is the common problem of how to optimally design the contract between buyer and seller ("traders"). Sink contracts are more complex than many emission reduction contracts because carbon stored in forests is potentially temporary. A raging debate has argued about how international rules should deal with this. Papers that propose and discuss issues relating to the appropriate international rules include Dobes et al (1998) , Fearnside et al (2000) , MacLaren (2000) , Marland et al (1997) , Meinshausen and Hare (2000) , Moura Costa and Wilson (2000) , Schwarze and Niles (2000) , Schlamadinger and Marland (2000) , Sedjo and Toman (2001) , and Van Kooten et al (1997) . In this paper I assume that sinks are treated as temporary stores of carbon and that either the seller or buyer is held liable for paying back any credits accrued if the sink is destroyed. This follows Chomitz (1998 and , Colombia (2000) , Kerr and Leining (2000) , Leining and Kerr (2001) and Kerr (2001) among others. I have seen no literature on the effects of temporary storage on how traders should design contracts.
Sink contracts need to have environmental integrity and fit within the domestic or international rules for monitoring and reporting. However, this still leaves lots of freedom to choose. Understanding the limitations and flexibility available in contract design and the tradeoffs between different approaches is clearly useful for traders. It is also useful to those who are designing regulations.
They need to understand the value of contract flexibility so that they do not unnecessarily constrain the forms of contract available. Brokers and market makers could design standard contracts and make information available that helps traders understand how best to design a contract to meet their needs.
The purpose of this paper is first to design feasible carbon sequestration or "sink"
contracts that meet environmental, regulatory and economic constraints. Second I characterise the performance of these contracts and show how the best choice depends on the characteristics of the parties involved.
ENVIRONMENTAL AND REGULATORY CONSTRAINTS
The environmental constraints on contract design will ultimately be defined in international and domestic regulations. I am considering the problem of contract design in the context of the Kyoto Protocol where land-use related credits are tradeable one-for-one with credits from reduced fossil fuel emissions. This puts constraints on land-use credit regulation at an international level. Sequestration of carbon in "sinks" that create tradeable credits needs to have the same atmospheric effect in the same time period as the emission reductions that the credits would replace. Domestic governments have more flexibility as long as they meet their overall Kyoto targets. I assume here that, at least in a broad way, any domestic regulators design a policy that links to the international rules.
Assumptions about the regulation under which the contracts operate
• I assume an annual reporting and rewarding process. This is for convenience and is not essential.
• The greenhouse gas (GHG) benefits from land use change can be lost or reversed over time, unlike the GHG benefits from emissions reductions in other sectors. I
assume that all land-use carbon storage is temporary and is rewarded accordingly through tradeable credits. 2 Thus I ignore the possibility that "ton year" accounting could be applied to some sequestration credits internationally. The literature on these ideas is discussed in the chapter by Noble et al (2000) in the IPCC report on Land Use, Land Use Change, and Forestry.
• Credits are given each year for sequestration and debits are applied each year for loss of carbon through harvesting or deforestation. 3 Permanent forests are simply a special case.
• I assume that the "baseline" carbon, i.e. how much would have been sequestered or stored without the policy, is known, or at least a baseline is set. Any carbon sequestration above this is "additional" and is eligible for reward.
• I assume that land-use and carbon monitoring is the same across all contract forms and in the first part of the analysis is risk free from the point of view of buyers and sellers, i.e. once the project starts, the monitoring rules are fixed and once carbon is monitored, the number of credits is set and will not change.
• Traders could be individuals, companies or countries. I assume, however, that they are both "small" enough that they cannot affect the regulatory conditions relating to trade and that they are price takers in the international market.
Thus I focus on the issue of contract form rather than other contentious and difficult issues. The contract form will be an issue for buyers and sellers regardless of the specific system.
THE OPERATION OF CARBON SEQUESTRATION MARKETS
The market sets limits on how much a seller can expect to receive to either sell or lease the credits they create at different points in time. The market also provides considerable flexibility in contract design and can get around some limitations of the regulation. The market can provide flexibility in when the seller sells the credits. If a buyer can be found, futures markets can be used to sell credits before they are created.
These credits cannot be used for compliance until a later date. The market can provide considerable flexibility in cash flow for both buyer and seller. It also allows a range of options for risk bearing.
In this section I define a few basic contract forms and the key parameters that cause them to differ. I discuss the limitations the market places on how these contracts workchiefly that both buyer and seller must be willing to agree to the terms. I then compare the contracts under a range of situations and with different characteristics of buyers and sellers and show what types of situations might call for different contract forms. I illustrate each of these with a concrete example of a regeneration project on 100ha of land. I initially assume that there is no risk-future credit prices and levels of actual sequestration are known with certainty.
Sell credits as you go-seller liable for credit repayment
The simplest contract is one where credits are sold as they are created and then if the forest is cleared all credits are repaid by the landowner. Each year, this contract will be worth the current credit price times the new quantity of carbon dioxide. 4 In the final year it will bear a liability equal to the current credit price times the accumulated CO 2 .
Different contract designs will provide payments at different points in time. To compare contracts we need to translate payments at different points in time into a common "currency". When does the timing of payments matter? Two basic reasons apply in all economic situations. First, the buyer and seller might have different access to credit.
Investors with their own money are in a different situation from people who are already in debt. This means they face different interest rates.
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Second, people and groups may simply have differences in time preference, or differences in when they prefer to enjoy benefits. Some people like to have their returns quickly, while others are willing to wait and may even enjoy the anticipation of future benefits. This partly depends on current versus future income as well as age and possibly culture. It can be thought of in terms of how patient the actor is. The interest rate and underlying patience are summarised in the "discount rate", which is an indicator of how much an actor would need to be paid to wait an extra year to receive payment.
If the landowner is more patient than the buyer (lower discount rate) then they will get more value from the project if they agree to receive payments later rather than earlier in exchange for higher total payments. If they are less patient (higher discount rate; for example, if they are in debt or face credit constraints) they would get more value with an up-front payment even if it is lower.
One extra issue may arise in the context of contracts on land where the sellers may be a group with multiple ownership of land (e.g. Māori land). Difficulties with governance may make it preferable to have a stream of income rather than a lump sum early on.
Alternatively the group may have an investment project planned where they would really benefit from cash up front but may have difficulty raising the funds as a group or coordinating separate investments by group members. I define the discount rate for the seller as d per year.
p t is the price of CO 2 credits on the market at time t. An active market determines this. No buyer will pay more than this because they could buy credits elsewhere for this price. No seller should accept less for risk-free credits because they could sell the credits elsewhere. q t is the quantity of new sequestration available to be sold at time t. T is the length of the project. If it is less than infinite, then q T , the "new sequestration" in the last period, is negative and the credits will need to be bought back. This would apply either if the land is cleared and converted to a non-forest use, or if monitoring stops so the regulator cannot assess carbon storage or sequestration.
V is the present value to the seller of the revenue stream from the project. A stream of credits sold each year and repaid by the seller at T is worth V 1 .
If I define p 0 as the initial carbon price and i t as the average rate of increase in carbon dioxide prices over the period of the contract I can rewrite this as:
This makes the final repayment of credits, the final term, explicit. • Accumulation of CO2 per hectare per year 6 : (6.2)(100 ha) = qt (t < T) = 620
• Carbon dioxide price: p t = $10 per tonne CO 2
• Seller discount rate: d = 10%
• Buyer/market discount rate 7 : r = 10%
• Credit inflation rate: i = 5%
In my base case, the project would be worth $9,949 in 2003 under this form of contract. The contract has positive value even though the net sequestration over the whole project is zero, because carbon prices rise at a lower rate than the seller's discount rate so the present value of the final liability is not too high. The lower is i and the higher is d, the more valuable the project is.
The project is worth doing if
Where AR = present value of alternative return on the land over the period, and Cost = direct costs of setting up and running the project. 8 All contracts will be worth more if the credit price is higher, if the carbon is sequestered faster, and/or if the costs of setting up and running the project are a smaller proportion of the total value (e.g. because the project is larger and the costs are fixed). Projects will also be more valuable on land that has fewer alternative uses.
Options to extend contracts
This 10-year project leaves open the option of extending the project. Once the 10 years is over, the stock of carbon on the land could be maintained. The value of maintaining it is that the credits already accumulated would not need to be paid back. In addition, the forest can continue to sequester more carbon and create more credits. The project may be more valuable after 10 years than it is at the beginning even though costs of start up have not been incorporated. If the base case simply extends, the value in 2013 of continuing for an extra 10 years rather than cutting down would be $55,562. The project creates some momentum-it is more valuable to continue than it was to start. Whether it is worth continuing depends on the current and expected future carbon prices and potential income from other uses of the land in 2013. A contract in perpetuity will be worth more than $129,000 in present value in 2003 in the base case.
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All temporary contracts will be more valuable if credit prices drop considerably at some point in the future (because for example we move to a hydrogen economy, discover that climate change is not a problem, or find a way to cheaply and safely permanently store carbon in the ocean). 10 The party that would have borne the liability for repayment would benefit from this fall in prices. The issues relating to extending the contract will apply in all contract forms.
Rental-buyer liable for credit repayment
An alternative contract form is a lease or rental contract where the buyer pays the seller a certain amount each year as long as the credits are protected. The seller maintains the right to have the credits returned at any time subject to contractual restrictions. In contrast to the sale contract, the seller maintains ownership of the credits at all times. This means they can sell them or stop the project (and not have to pay them back) when the contract ends.
9 I have calculated value for 100 years and assumed no repayment. After 100 years the extra value becomes extremely small because of discounting. 10 For discussion of the value of temporary carbon capture/sequestration see Herzog et al (2002) .
The buyer will use the credits for compliance purposes and will buy credits (or rent credits from someone else) when they can no longer use those provided through the contract.
11 Under this contract the seller (landowner) has no deforestation liability.
The buyer faces a decision about whether to buy or rent credits. The amount the buyer is willing to pay to rent will depend on their discount rate and the rate at which they expect credit prices to rise. If the rental contract were infinite, the price rise would not matter because they would never have to pay the credits back. In a finite or potentially finite contract, however, the buyer will be concerned that at some point they will be unable to rent the credits and will have to buy them at the then-current market price.
The buyer avoids the cost of the full outlay on the credits and so saves rP t on each credit, in each year, where p t is the price he would have had to pay for them in the year they were created. That is, the rental price adjusts each year even on existing credits. r is the buyer's discount rate. However, each year he accumulates a larger potential obligation to repay if the value of credits rises. This obligation increases by iP t each year where i is the expected rate of inflation in credit prices. Thus his net gain from renting rather than buying immediately is (r-i)P t . This is how much he will be willing to pay each year for each credit he holds (i.e. the cumulative number, not only the additional credits that year).
If i were high or his discount rate low, he would not be willing to rent.
The value of a rental contract to the seller is the present value of all the future rental payments. 12 The seller does not have to buy back the credits at the end so there is no final term equivalent to that in Contract 1. The value is:
If the buyer and seller have the same discount rate (i.e. r = d) then V 2 = V 1 . 13 The pattern of cashflow is different but the total value of the contract is the same.
11 A possibly useful analogy is that of someone deciding to rent or buy a house. The buyer needs a "house" to offset its emissions in the first year. If it rents the house that will satisfy its needs temporarily, but when the seller no longer wants to rent out the house the buyer will need to find another house. 12 The rental payments are modelled as though they are made at the end of each year. This is simply because I am modelling in discrete time periods. 13 See Appendix A for proof.
Renting is most valuable when people believe that technological advances will make climate change mitigation relatively cheap in the medium term and hence make carbon prices fall. If we solve the problems of the hydrogen economy in the next, say, 50 years, carbon prices may fall close to zero even though they might be high in the interim period. Many models predict this sort of price path. Prices would also fall to zero if the international agreement collapsed or we found that climate change was not a problem and halted our efforts. Sinks are most valuable relative to emission reductions in these situations because they offer the opportunity to delay emission reductions.
In both contracts 1 and 2 (and all other contracts), if i = r = d and the contract length is finite, the project has a value of zero. There is no point in buying time through temporary sinks when the credit price goes up as fast as your value of money. In contrast, a contract that lasts in perpetuity still has a positive value because the credits will never have to be paid back so the credit inflation rate does not hurt.
Because some of the payments are delayed, rental contracts are more valuable the more patient the seller is and the less patient the buyer. For example, if the seller is more patient than the buyer (seller has discount rate r = 5% rather than 10%) the value of this contract rises from $9,949 to $13,286. In contrast, if the seller is less patient, the contract value will shrink. A patient seller would not accept a sell-credits-as-you-go contract because it would be worth nothing to them-the liability would grow at the same rate as they gain credits-while an impatient seller would much prefer the sell-as-you-go contract to the rental (see Table 1 ).
Up-front payment
A third popular form of contract is where the seller is paid a sum up front for a project of a defined length. The buyer might be willing to pay the present value of all the credits expected to be created in the future even though they will not be able to sell them until later. 15 The seller is responsible for paying the credits back if they cut the forest. The value of an up-front contract is:
15 They may be able to sell on futures markets if they exist. advance and the commitments become stricter, the price path will be smooth. In contrast, surprises or reductions in stringency will cause prices to jump. All these things may make it wise to write contracts that separate these periods to allow reassessment for new conditions. In the Kyoto contract, I model an up-front payment for the 5 years pre-Kyoto then another up-front payment for the first commitment period. The seller maintains the deforestation liability. Table 1 shows that in the contracts where the seller receives funds earlier and has to pay back credits, 1, 3, and 4, the more impatient the seller is, the higher the value is. A more impatient seller is less concerned about future liabilities so finds these contracts more attractive other things being equal. In contrast, if the seller is more patient, the rental contract becomes more favourable.
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If credit prices rise fast, the "in perpetuity" contract becomes the only favourable contract. There is little or no value from temporary sequestration. The "in perpetuity"
option would not have to be chosen in advance. Extension of any of the other contracts or translation into an "in perpetuity" contract would become more attractive over time if actors see that credit prices are continuing to rise. The "in perpetuity" contract will be more attractive to patient than impatient sellers because patient sellers value the payments in the distant future and are concerned about future liability.
3.1.6 Summary of contracts without risk • All contracts are more valuable if the price of carbon is higher.
• All contracts are more valuable if the carbon yield per year is higher or the project covers a greater land area.
• All contracts of the same length have the same value if the buyer and seller are identical.
• All finite contracts have zero value if the rate of credit inflation i is greater than or equal to the buyer's and seller's discount rates r and d.
• If the seller is more impatient than the buyer, then contracts with the payments up front are more valuable than payments with the cash flow spread over time.
• Impatient sellers are less concerned about bearing liability.
• If the buyer is more impatient than the seller, the opposite is true.
CONCLUSION
The appropriate form of contracting in this complex and uncertain environment is not obvious and deserves careful thought. The contracts are constrained by environmental, regulatory and market consideration but considerable flexibility still remains. The value of the contract to both parties can be maximised by careful design.
Without considering risk, the key factor in choosing a contract form is the "patience" of the buyer relative to the seller. If the buyer has greater access to cheap credit and greater ability to wait for income it is better for the contract to be biased toward payments up front. If the seller is more "patient" the contract should spread the payments out further. Curiously, the less patient actor also should take responsibility to repay the credits when the contract ends because they heavily discount the future liability.
What does this mean for Māori?
Māori land creates opportunities and challenges that are not present on non-Māori land and that require special thought. Māori have a strong desire to maintain control and ownership of their land and assets for cultural and social reasons as well as for the economic reasons that affect all others. This makes them suspicious of contracts to protect land in perpetuity. They are also concerned that if they protect the land it could become part of the DOC estate or locked up by local councils as Protected Natural Areas. This requires care in contract design. Many Māori landowners are already protecting land under "Ngā Whenua Rahui" (similar to QEII Trust) in which land is covenanted for 25 years, and then there is a renewed kawenata (agreement) with landowners. They have found ways to provide effective protection using a mechanism that Māori trust. Any carbon contracts should build on these already successful mechanisms.
Māori land creates issues also in terms of the complexity of governance structures on multiply-owned land and limited ability to borrow, as well as low capacity to negotiate and administer contracts. To the extent that sequestering carbon is technically a relatively non-challenging activity that requires little capital investment, it has an advantage relative to other land uses. The special issues on Māori land also mean that setting up effective contracts will be slow and the use of this mechanism is likely not to achieve its full potential.
In terms of contracts, Māori need to consider their characteristics in terms of "patience" and ability to absorb risk, and any governance or cultural issues that would make them prefer one form of contract over another.
APPENDIX A
Proof: That rental contract has equal value to contract where credits are sold as they are created when the seller and buyer have equal discount rates.
The left hand side is the present value of the sum of rental payments, over the length of the project, for 1 tonne of carbon sequestered in year 1. The right hand side is the initial money received for the sale of 1 tonne of carbon in year 1 minus the present value of the deforestation liability for 1 tonne of carbon when the project ends.
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